To construct renormalizable gauge model in Bosonic-Fermionic noncommutative (BFNC) superspace, we replace the ordinary products of super Yang-Mills model by BFNC star products.
Introduction
In the recent years there are many studies in noncommutative spacetime [1, 2] . If we introduce background fields in string theory, the spacetime coordinates will become noncommutative [3] . Because consistent description of string theory need supersymmetry, it is natural to give noncommutative superspace [4] [5] [6] [7] . There are some works studying field theory in nonanticommutative (NAC) superspace [8] , such as NAC Wess-Zumino model [9] [10] [11] [12] and NAC Super Yang-Mills model [13] . The renormalizability constraints the possible form of these model. There are also some interest in constructing field theory in other kind of noncommutative superspace. In Ref. [14, 15] , the authors have constructed a renormalizable Wess-Zumino model in Bosonic-Fermionic noncommutative (BFNC) superspace. To construct field theory which have gauge symmetries, in this paper we try to construct super Yang-Mills model in BFNC superspace.
To construct model in noncommutative spacetime, we can start from a model in commutative spacetime and replace the ordinary products by star products, then study the renormalization property of the deformed model. We can obtain the 1PI effective action of the deformed model by using background field method [16] and only keep the divergent part. If there are new terms in the effective action, we could add them to the deformed action and obtain a new action. We continue to study the effective action of the new action until there are not any new terms in the effective action. Because in this method we always do one-loop calculation, the action can only be renormalizable at one-loop level. In order to obtain all order renormalizable action, we can introduce U(1) global symmetries. If we assume the effective action also have these U(1) global symmetries, we can determine all of the divergent operators in the effective action by using dimensional analysis. If we can construct action from these divergent operators, then it will be renormalizable to all order in perturbative theory because it contains all of the divergent terms. It will make the task more easy. This method have been used to construct renormalizable model in NAC and BFNC superspace.
For gauge theories it is not straightforward to construct supergauge invariant action by using the divergent operators. Because the form of gauge transformation was changed after introducing noncommutative star products. To construct renormalizable gauge theory in noncommutative superspace, we can at first calculate the effective action by using background field method. The effective action will be supergauge invariant. By using the effective action we can construct renormalizable gauge theory.
Based on the above consideration, we start from the ordinary super Yang-Mills model in this paper. By introducing BFNC star product we obtain deformed action. Then we calculate the 1PI effective action by using background field method. We can check that the effective action is invariant under noncommutative supergauge transformation. As we expect, because the noncommutative star product, there are new terms in the effective action. This imply that to construct renormalizable gauge model we should add new terms to the deformed action.
The organization of this papers is as follows, in section 2 we define the BFNC superspace and the BNFC star product, in section 3 we review super Yang-Mills model in NAC superspace and the background field method, in section 4 we obtain the effective action of deformed super Yang-Mills in BFNC superspace and verify its supergauge invariance, in section 5 we give our conclusion and outlook.
BFNC superspace
BFNC superspace can be defined as truncation of euclidean N = (1, 1) superspace. We introduce nonstandard hermitian conjugation rules for the spinorial variables. The coordinates
The BFNC superspace is defined as,
where Λ ααβ denotes a BFNC parameter. The other commutators and anti-commutators that do not appear in the above are vanishing. This algebra is consistent in euclidean signature.
The chiral and anti chiral sectors are independent. BFNC star product of two superfields F and G is,
where
|F| is the grade of F that equals zero for a Bosonic element and one for a Fermionic element.
Review of super Yang-Mills model in NAC superspace
In this section we review the work of [13] . They define super Yang-Mills theories in NAC superspace and extend background field method in NAC superspace. In NAC superspace we can define covariant derivatives by using scalar prepotential V, where V is in the adjoint representation of gauge group. The supergauge transformation is defined as,
where Λ and Λ are chiral and antichiral superfields. In gauge antichiral representation, covariant derivatives is,
where V is pure imaginary
From the definition of covariant derivatives, we can
By using covariant derivatives we can define superfield strengths,
By using the Bianchi's identies of covariant derivatives, we can obtain ∇ α * W α + ∇α * Wα = 0.
The infinitesimal supergauge transformations is,
Accroding to background field method,
where U is the background prepotential. Under quantum transformations,
where ∇ ∇ α Λ = ∇ ∇α Λ = 0. Under background transformations,
where Dα λ = D α λ = 0. We can define invariant action under transformation eq. (9) and eq. (10),
The gauge-fixing functions is f = ∇ ∇ 2 * V , f = ∇ ∇ 2 * V , we obtain the total action S tot = S + S GF + S gh , where S gh contains background covariantly chiral and antichiral FP and NK ghost superfields,
The pure gauge part of action corresponding to one-loop calculation is,
To deal with action for full (not background) covariantly chiral matter,
we can write down a formal effective interaction lagrangian,
where ξ , ξ are unconstrained quantum fields. In a one-loop diagram, the first vertex must appear once and only once. In order to do calculation in superspace we will expand star product at the end. In momentum superspace, the propagator for quantum gauge superfields is,
the vertices are,
The propagator for quantum (anti)chiral superfields is,
Effective action of dermored super Yang-Mills action in BFNC superspace
Because the BFNC star product is similar to the NAC star product, we can use the method in section 3 to study the renormalization property of deformed super Yang-Mills action in BFNC superspace. We only need to replace the NAC star product by BFNC star product, this will only change the definition of P and Q, where
At the first order of BFNC parameters, only the chiral mater action contribute to the effective action and there are at most three points contributions. The effective action is,
We can verify that Γ gauge (1) is supergauge invariant. 
Conclusion and outlook

A Conventions
Gates's conventions:
The index are raised and lowed by C:
Wess's conventions:
The index are raised and lowed by ǫ:
Define: σ kαα = ǫαβ ǫ αβ σ k ββ . We have the following relations:
The relation between the convention of Gates's and Wess's,
• Definition:
•
• Identity: σ k αβ
• Identity:
We use the following definition in this paper:
Identity:
B Hermitian conjugation
• The hermitian conjugation * will give −1 if we apply it on spinorial coordinates twice, and will give 1 if we apply it on bosonic coordinates twice. If we define θ α , θ β = F αβ then we
• The hermitian conjugation relation for BFNC parameters:
C Transform from configuration superspace to momentum superspace
• Dα → −i πα. Proof: Dα = ∂α, ∂α → −i πα.
D Lie algebra structure constant
We have the following relations,
• Trace: tr (X Y ) = tr (Y X).
• Evaluate trace of F and D,
E PQ factor
There are noncommutative parameters Λ kα in P Q factors, at the first order of noncommutative parameters, we only need to expand P Q to the first order of Λ kα ,
F Algebraic relations related to σ
We can prove the following identities.
a (−2) δ α β δαβ, so we have a = −1. We have used:
• Λp 2 = 1 2
Λ β 1β2 β 3β4 , By using:
.
• Λ αβ γ = −Λ kγ σ kαβ .
• Λ αβγ = i Λ k γ σ kαβ .
• C α 1 α 2 Λ α 1β1 α 2β2 = Λ 2 Cβ 
G D algebraic relations
Definition: ∂ α = D α − i θα ∂ αα .
We have the following identities:
• ∂ α = D α + i σ k αβ θβ ∂ k .
• 
I Noncommutative spacetime
• We have the relation: x αβ , θ γ = 
J BFNC star product
The star product corresponding to x k , θ α = i Λ kα is:
. At first order of Λ kα :
By using BFNC star product we have,
